INTRODUCTION 39
The spermatozoon of Brachyura is generally described as a non-flagellated cell with a globular 40 acrosome, often surrounded by a fine layer of cytoplasm, and a nucleus located in the periphery 41 that extends into several radiating arms (Jamieson and Tudge, 2000) . Numerous ultrastructural 42 variations have been described and used as characteristics to validate morphological and 43 molecular-based phylogenetic studies (Jamieson, 1994) . For example, the separation between the 44
Gecarcinucidae and Potamidae families in the Potamoidea is confirmed by the presence of a 45 middle acrosomal layer in the sperm of the Potamidae (represented by the subfamily 46
Potamiscinae in Klaus et al., 2009) . Similarly, the differences observed between the spermatozoa 47 Simeó 7 hundreds of sperm cells, which are separated by an intercellular matrix (Fig. 1A) . The mature 130 spermatozoon of M. brachydactyla is a star-shaped cell, with a globular body approximately 5 131 μm long and 7 μm wide and four radiating arms (Fig. 1B) . The sperm cell is composed of a 132 complex acrosome, a thin layer of cytoplasm, and a cup-shaped nucleus. The acrosome is the 133 most voluminous structure of the spermatozoon and appears as an electron-dense body that fills 134 the center of the sperm cell (Fig. 1A) . The cytoplasm is located between the acrosome and the 135 nucleus. The nucleus is positioned in the periphery of the cell and extends throughout the 136 radiating lateral arms. Both, the acrosome, except in the apical region, and the cytoplasm are 137 surrounded by the nucleus (Fig. 1B) . 138
Acrosome 139
The acrosome is a subspheroidal, complex vesicle that measures around 4 µm in length and 5 µm 140 in width. It consists of three concentric layers of different electron densities (external, 141 intermediate, and internal acrosomal layers), a central perforatorium, and an operculum in the 142 apical region (Fig. 2A) . The internal acrosomal layer is the most electron-dense of the three 143 concentric layers, and the intermediate layer is the least electron-dense ( Fig. 2A,B) . A capsule 144 envelopes the external acrosomal layer (Fig. 3C) . The capsule is a thin (35 ± 5 nm) lightly 145 electron-dense layer limited by the acrosomal membrane, which is in close association with the 146 nuclear envelope. 147
The operculum is the most electron-dense structure of the spermatozoon and is centrally 148 depressed (Fig. 2 A) . In fully mature spermatozoa, the operculum shows a small protuberance in 149 its center (Fig. 4D) . 150
The perforatorium is a central rhomboidal column that crosses the acrosome up to the operculum 151 following the anterior-posterior axis of the cell (Fig. 2A) . The basal region of the perforatoriumSimeó 8 is separated from the cytoplasm by a discontinuous membrane (Fig. 3B) . In this region the 153 thickened ring, an electron-dense band of the acrosome associated to the base of the 154 perforatorium, is also observed ( Figs. 2A and 3B ). The perforatorium contains granular material 155 in the upper half and small, granular, rod-shaped matter in the basal area (Figs. 2A,C and 3A,B) . 156
A positive reaction with rodaminated phalloidin indicates that actin forms part of this material 157 (Fig. 5B) . 158
Cytoplasm 159
The cytoplasm is a sparse, thin layer between the acrosome and the nucleus and is only 160 noticeable below the perforatorium and around the subapical region of the spermatozoon (Fig.  161 2A). Only in these regions, the cytoplasm contains the organelles (Fig. 3A) . In the basal region 162 of the perforatorium, one centriole is found (Fig. 3A,B) . In the subapical region of the 163 spermatozoon, the cytoplasm forms a cytoplasmic ring (Figs. 2C and 4D) , which surrounds the 164 operculum and contains a circular aggregate of structures and organelles called the structures-165 organelles complex (SO-complex) (Figs. 2A,B and 3A) . The SO-complex is composed of a 166 membrane system that wraps around an accumulation of microtubules and some mitochondria 167 with few cristae (Fig. 3C-E) . Both the centriole and the SO-complex intensely react with anti-β-168 tubulin antibody (Fig. 5B) . 169
Nucleus 170
The sperm nucleus of M. brachydactyla is a cup-shaped structure with four lateral arms that 171 surrounds the acrosome, with the exception of the operculum (Figs. 2A,C and 4C ). The nucleus 172 contains decondensed chromatin that, here, is organized into fibers of 10 nm (Fig. 3E,F) . The 173 chromatin fibers extend along the lateral arms (Fig. 3F) , as confirmed by their reaction with 174
Hoechst fluorescent dye (Fig. 5B) . Occasionally, the chromatin fibers are aggregated in electronSimeó 9 dense areas throughout the nucleus, some of them appearing close to the SO-complex (Fig. 3D-176 F). The absence of reaction with either rodaminated phalloidin or anti-β-tubulin (Fig. 5B)  177 indicates that no microtubules or any other cellular cytoskeleton components are found in the 178 lateral arms. 179
The lateral arms develop during the last phases of spermiogenesis. While immature spermatozoa 180 obtained from the transformation zone of the seminiferous tubule contain poorly developed or no 181 lateral arms (Fig. 4A,B) , the nucleus of the mature spermatozoa found in the evacuation zone 182 already presents the four, well-developed lateral arms (Fig. 4C ). Each lateral arm is 183 approximately 9 µm long (Fig. 4C) . Occasionally, the spermatozoa present only three lateral 184 arms ( Fig. 5A ). In all spermatozoa observed, morphogenesis of the lateral arms, both in position 185 and in length, is remarkably regular. 186
The nuclear envelope appears as a thick, electron-dense wall (Fig. 3F ). However, it presents 187 some discontinuities along the inner edge, where the nuclear envelope is in contact with the 188 acrosome (white arrows in Fig. 3E ). 189
DISCUSSION 190

Terminological considerations 191
The different structures of the spermatozoon have been termed according to the most accepted 192 denominations in the literature (Table 1) , with the exception of the structures-organelles 193 complex. While the denominations acrosome, perforatorium, and operculum, including their 194 derivatives, are widely accepted, the terminology of the complex composed of the membrane 195 system, mitochondria, and occasionally the microtubules that encircle the acrosome is highly 196 variable. We believe previous denominations of this complex are not appropriate because they 197 place too much emphasis on the membrane system but mask the presence of mitochondria and Majoidea are absent: the posterior median process (Hinsch, 1969 (Hinsch, , 1973 , the presence of 218 microtubules in the lateral arms (Hinsch, 1969 (Hinsch, , 1973 , and the perforation of the operculum 219 (Jamieson, 1991; Jamieson and Tudge, 2000) . We summarize the presence, absence, and 220 the type of characters used by Jamieson (1994) for cladistic analysis in Table 2, while Despite the possible relation between the nuclear lateral arms and the chromatin aggregates, the 281 causes and mechanical elements that determine the development of the four nuclear arms remain 282 unknown. In this regard, the presence and role of the sperm nuclear matrix in the organization of 283 the nucleus in the brachyuran spermatozoon, which has been described in the sperm of mammals 284 The SO-complex is composed of a membrane system, which is derived from the degeneration of 300 the endoplasmic reticulum and Golgi complex, along with mitochondria with poorly developed 301 cristae, and microtubules (Simeó et al., 2009 ). Among other functions, the SO-complex could 302 serve as an anchor point for the chromatin and provide the necessary mechanic stability to push 303 the chromatin (by way of frontal traction) toward the oocyte during the acrosomal eversion (see 304 descriptions of the acrosomal eversion in Brown, 1966; Hinsch, 1971; Goudeau, 1982; Medina 305 and Rodríguez, 1992a). The different degrees of chromatin condensation observed in the sperm 306 of the Majoidea I. phalangium (Rorandelli et al., 2008) could be related to the nuclear traction 307 described during the first stages of fertilization. 308
In brachyuran spermatozoa, the lateral arms could be involved in triggering the acrosomal 309 reaction. Attachment of the spermatozoa to the oocytes occurs through the operculum and lateral 310 arms, and is followed by the acrosomal reaction (Brown, 1966; Hinsch, 1971; Medina, 1992) . 311
The lateral arms increase the contact surface between gametes, which may be necessary to showing its relation to the densely arranged chromatin fibers; also observe that the 525 nuclear envelope is discontinuous (white arrows). F. Detail of the nucleus located within 526 the lateral arms. The chromatin appears non-condensed and organized into fibers. A1, 527
Simeó 25 external acrosomal layer; A2, intermediate acrosomal layer; A3, internal acrosomal layer; 528 Arm, lateral or nuclear arms; At, actin; Ca, capsule; Ce, centriole; Chr, chromatin; 529 Chr(+), more densely arranged chromatin; Chr(-), less densely arranged chromatin; Cy, 530 cytoplasm; M, mitochondria; Ms, membrane system; Mt, microtubules; N, nucleus; NE, 531 nuclear envelope; Op, operculum; P, perforatorium; SO, structures-organelles complex, 532
Tr, thickened ring. 533 
